5 kJ/kg. Increasing in drying air temperature in different air velocities led to increase in specific energy value. Results showed that applying the temperature of 70°C is more effective for convective drying of cantaloupe slices. The aforesaid drying parameters are important to select the best operational point of a dryer and to precise design of the system.
-10 and 1.61×10 -9 m 2 /s, respectively. D eff values increased as the input air temperature was increased. Activation energy values of cantaloupe slices were found between 30.43 and 36.23 kJ/mol for 40°C to 70°C, respectively. The specific energy consumption for drying cantaloupe slices was calculated at the boundary of 1.01×10 5 and 9.55×10 5 kJ/kg. Increasing in drying air temperature in different air velocities led to increase in specific energy value. Results showed that applying the temperature of 70°C is more effective for convective drying of cantaloupe slices. The aforesaid drying parameters are important to select the best operational point of a dryer and to precise design of the system.
INTRODUCTION
Cantaloupe (Cucumis melo L.) is an important source of vitamins A, B and C as well as sugars. It can be utilized as fresh, dried and fruit juice. Total production of cantaloupe fruit in the world is 27×10 6 t per year. Soil and climatic condition in Iran, are suitable to cantaloupe cultivation. The cultivated area of cantaloupe in Iran is about 8×10 4 ha with an annual production of 127×10 4 t (FAOSTAT, 2009) . A small amount of this production is exported and the major part is consumed domestically (Behbahani, 2005) .
Cantaloupe is a seasonal crop and due to high initial moisture content is very sensitive to microbial spoilage. So drying the fruit after harvesting is necessary in order to consume in a long period (Doymaz, 2007) . The main goal in cantaloupe slice drying is reducing moisture content to a specific level, for safe storage in a long period of time (Erenturk and Erenturk, 2007) . Thus, drying of cantaloupe slice by elimination of the water from the slices reduces the deterioration phenomena due to the presence enzymes or micro-organisms (Sacilik, 2007) . Other benefits of cantaloupe slice drying are longer shelf-life, lighter weight, storability under ambient temperatures and smaller space for storage (Hashemi et al., 2009 ).
Effective moisture diffusivity, activation energy and specific energy consumption are three important factors in modeling, designing and optimizing of a drying process. Moisture migration during drying process is controlled by diffusion phenomenon. Moisture movement rate is explained by effective moisture diffusivity (Bakal et al., 2010) . Activation energy is minimum required energy to start the drying process (Aghbashlo et al., 2008) . Specific energy consumption is required energy to evaporate 1 kg water from cantaloupe slices. Accordingly, applying suit level of temperature and air velocity is important (Chayjan et al., 2011a) .
Although many studies have been performed about drying of different food and agricultural products, nevertheless no study has been conducted about drying of cantaloupe slices. Additionally, drying indices of cantaloupe slices is not available.
The main objectives of this study were: 1) to compute the drying indices (effective moisture diffusivity, activation energy and specific energy consumption) for cantaloupe slices and 2) to establish relationships between input parameters (air temperature and velocity) and drying indices.
MATERIALS AND METHODS

Sample
preparation. Freshly harvested cantaloupe fruit were purchased from a local market. The samples were stored in a refrigerator at about +5°C. Initial moisture content of fresh cantaloupe fruit was determined using oven method. About 20 g of cantaloupe slices (3 mm thickness) with five replicates was dried at 70±1°C for 24 hours. Initial moisture content of the slices was about 18.53 (w.b.). Experiments were conducted at input air temperatures of 40, 50, 60 and 70°C. Three air velocity values were adjusted at each temperature: 0.6, 1.8 and 3 m/s. Drying condition. A laboratory scale thin layer dryer was implemented in this study. Air relative humidity of the laboratory was about 28-33% and the ambient air temperature was about 24-26°C. A digital thermostat with ±0.1ºC accuracy was used to control the inlet air temperature (Atbin mega, made in Iran). An inverter was applied to control the air velocity through controlling the blower speed with ±0.1 Hz accuracy (Vincker VSD2, made in Taiwan). An anemometer Standard ST-8897 model was used to adjust the input air velocity. A precision balance with accuracy of 0.01 g was implemented for sample weighing. Firstly weighing was carried out at periods of 3 minutes, gradually weighing periods increased to the maximum of 10 minutes during the experiment. Before starting the experiments, the dryer was turn on to achieve a steady state condition. Ambient air temperature, air relative humidity, inlet and outlet drying air temperatures were recorded during the experiments.
Theoretical principle.
Fick's second law of unsteady state diffusion for infinite slab body was applied to describe the transport of moisture during the falling rate process that occurred in the cantaloupe slices:
where n = 1, 2, 3, . . . is the number of terms; t is drying time (s); D eff is effective moisture diffusivity (m 2 /s) and L is half thickness of cantaloupe slices (m).
Only first term of Eq. (1) is considered for a long drying period (Kingsly et al., 2007) . The relationship obtained as follow:
The linear form of Eq. (2) is as follow:
Activation energy (E a ) was calculated using the Arrhenius equation (Babalis and Belessiotis, 2004 ):
a E can be obtained by changing the Eq. (4) as follows:
where a E is activation energy (kJ/mol); D 0 is pre-exponential factor of the equation (m 2 /s); R is universal gas constant (8.3143 kJ/mol.K); T is absolute air temperature (K). After drawing 1/T against ln(D eff ) according to Eq. (5), three linear models were plotted. Specific energy consumption (SEC) of cantaloupe slices drying was computed using the following equation (Zhang et al., 2002) :
where SEC is specific energy consumption (kJ/kg); C Pv and C Pa are specific heat capacity of vapor and air, respectively (1004.16 and 1828.8 J/kg °C); Q is the inlet air to drying chamber (m 3 /s); t is the total drying time (min); h a is absolute air humidity (kg vapor /kg dry air ); T m and T am are inlet air to drying chamber and ambient air temperatures, respectively (°C); m v is mass of removal water (kg) and V h is specific air volume (m 3 /kg).
RESULTS AND DISCUSSION
Drying kinetic. Drying time against moisture ratio (MR) of cantaloupe slices at different temperature levels (40, 50, 60 and 70 °C) and air velocities (0.6, 1.8 and 3 m/s) was plotted (Fig. 1) . As can be seen, input air temperature has an important effect in drying time of cantaloupe slices. An increase in input air temperature caused a notable decrease in drying time. With increasing the input air temperature, more energy rate applied to the cantaloupe slices and cause increase in drying rate. These results are similar to the previous studies, such as: tarragon (Arabhosseini et al. 2009 ), mushroom (Arumuganathan et al., 2009 ) and red beet (Kaleta and Górnicki, 2010) . Effective moisture diffusivity. Firstly, ln(MR) values were plotted against drying time of all drying conditions (Fig. 2) (Gazor, 2009 ) and corn (Chayjan et al., 2011a) .
D eff values for all input air temperatures and air velocities have been shown in Fig. 3 . Three exponential models were fitted on D eff values for three air velocities ( Table   2 ). The R 2 values indicated that the applied models are suitable to predict D eff based on input air temperature. Also three models of two order polynomial type were fitted to predict the D eff in different air velocities ( Table 3) . Increasing of D eff in each air velocity was based on exponential pattern. Also due to no significant effect of input air velocity on mass transfer of cantaloupe slices, so very little changes was observed in D eff values of each air velocity. 
Activation
energy. ln(D eff ) against 1/T was plotted for cantaloupe slices (Fig. 4) . Three graphs were obtained. Slope of the curves considered to compute the activation energy (E a ). E a of cantaloupe slices for all drying conditions and related R 2 values are reported in Table 4 . E a domain for agricultural and food products is reported 12 to 110 kJ/mol (Babalis and Belessiotis, 2004) .
E a values for cantaloupe slices varied between 30.43 and 36.23 kJ/mol for air velocities of 0.6 and 1.8 m/s, respectively. Two form of water in agricultural and food products are free and bounded moisture. Most of the water in cantaloupe slices is in the form of bounded moisture. As a result, drying the samples was performed in falling rate. This phenomenon causes an increase in activation energy of cantaloupe slices. In the falling period, temperature and air velocity have not significant effect on moisture transfer. As a result, increase in input air velocity leads to increase in energy consumption and increase in input air temperature causes injuries in physical and chemical properties. E a values against air velocity is depicted in Fig. 5 . A two degree polynomial model was fitted to the E a data set as follow:
2 a E 3.67v 13.64v 23.56 = − + + 2 R 1 = (7) A good correlation is established between E a and air velocity.
Maximum value of E a obtained at air velocity of 1.8 m/s (Fig. 5) . Similar results have been reported about berberies fruit (Aghbashlo et al., 2008) and grape (Chayjan et al., 2011b) . Specific energy consumption. Specific energy consumption (SEC) of cantaloupe slices was calculated using Eq. (6). Fig. 6 shows the SEC values for cantaloupe slices drying under different drying conditions. Results showed that the SEC was increased as the air temperature was increased. Also increasing air velocity causes a intensive increase in SEC. Minimum SEC (1.01×10 5 kJ/kg) was achieved in 0.6 m/s and input air temperature of 40°C. Also maximum SEC (9.55×10 5 kJ/kg) was calculated in air velocity of 3 m/s and input air temperature 70°C. Results approved that applying of upper air velocity and input air temperature lead to intensive increase in SEC. In other words, high temperature level and air velocity causes an increase in energy consumption rate. Increasing air velocity causes more energy transfer rate to cantaloupe slices, but energy loss was also increased. Similar patterns have been addressed in drying of paddy (Khoshtaghaza et al., 2007) and berberies fruit (Aghbashlo et al., 2008) . Three polynomial models were fitted to predict the SEC values in different air velocities as follow: 
